The Bryan Alzheimer's Disease Research Center Rapid Autopsy Program at Duke University Medical Center obtains postmortem human brain tissue for experimental investigations. We evaluated 19 brains for RNA integrity and mRNA gene expression. Nine were from patients diagnosed with Alzheimer's disease, and ten were from nondemented controls. In all cases, the following variables were recorded: postmortem procurement delay (range, 1 hour and 10 minutes to 14 hours), pH of cerebrospinal fluid, premortem fever or sepsis, provision of supplemental oxygen in the agonal period, and temporal relation to time of death (either sudden death or protracted illness). Total RNA was extracted, quantified, and evaluated by agarose gel electrophoresis and quantitative gene expression analysis of 18S rRNA and edg-1 using TaqMan technology. All samples appeared to yield intact RNA without significant degradation, and expression of the edg-1 gene was detected by the real time reverse transcriptase polymerase chain reaction in all cases. We conclude that intact RNA can be obtained from postmortem human brain tissue, even in patients with severe premortem illnesses and delayed postmortem tissue procurement intervals. However, we caution that the successful expression of certain genes from postmortem brain tissue may require enhanced procurement efforts to maximize RNA integrity.
Animal models that are commonly used to study the pathogenesis of a wide variety of disorders do not always or exactly copy the human condition. Therefore, human tissue obtained at autopsy is needed for experimental investigations. This is particularly important for human drug development assays in which high throughput screening methods are employed to detect differential expression of biological molecules in diseased and normal individuals. Duke University Medical Center (DUMC) and the Bryan Alzheimer's Disease Research Center (ADRC) provide 24-hour service to perform rapid autopsies so that human brain tissue can be retrieved quickly, dissected, and snap-frozen for research studies (1) . The major objective of the Rapid Autopsy Program (RAP) of the Bryan ADRC is to rapidly obtain tissue to prevent postmortem deterioration of biomolecules such as RNA. Biologically active mRNA is believed to be retained in human brain tissue for only a short time postmortem (2, 3) .
The postmortem delay to refrigeration of the corpse was thought to impair assays of neurotransmitterrelated enzymes in early studies using postmortem human brain tissue (4) . Other factors, including agonal hypotension and hypoxia that result in hypercapnia and reduced tissue pH, premortem illnesses, and the temporal relation to time of death, have also been thought to adversely effect the biological status of postmortem human brain tissue (2, 4, 5) .
Advances in molecular pathology techniques such as the reverse transcriptase polymerase chain reaction (RT-PCR) require the procurement of tissue with intact biomolecules. Efforts to preserve RNA for functional genomic studies are therefore of paramount importance (6) . Prior studies have evaluated mRNA levels in brain autopsies in rats (7) and in brain biopsies (7, 8, 9, 10) . A recent study compared quantification of specific mRNA levels among sixteen different genes in human brain autopsies and biopsies by RT-PCR (11) . Although there was a general decrease in measured mRNA levels for all genes in autopsies compared to biopsies, there were no significant differences after adjusting with reference genes (11) . Nonetheless, one of the genes (CYP26A1, a member of the cytochrome P-450 gene family) showed a significantly decreased expression level in autopsies with a prolonged postmortem procurement interval (11) .
The purpose of our study was to determine mRNA expression in postmortem brain tissue and to evaluate which variables might impair the postmortem integrity of human brain mRNA and thus hinder the detection of gene expression. The random gene we tested for was edg-1, a G proteincoupled receptor for sphingosine-1-phosphate that is essential for blood vessel development and maturation (12, 13, 14) . The edg-1 gene was selected primarily because of its prior success in our laboratory in assays involving other organs and without prior data of its expression in postmortem human brain tissue. Although high levels of edg-1 mRNA gene have been detected in neuronal cells and brain capillaries of adult and embryonic rodent brain (12, 15, 16) , edg-1 expression has not apparently been determined in postmortem human brain tissue.
MATERIALS AND METHODS
All patients were enrolled in the Bryan ADRC RAP at DUMC. Informed consent was obtained in compliance with institutional guidelines. All autopsies were performed as previously described (1) . Nineteen autopsy brains with postmortem delays ranging from 1 hour and 10 minutes to 14 hours were obtained. Nine were from patients diagnosed postmortem with Alzheimer's disease (AD) according to National Institute on Aging/Reagan Institute criteria (17) . Ten were from nondemented controls (C). Neurofibrillary change in AD patients and controls was staged according to Braak (18) . Apolipoprotein E status was available in 13 patients.
Some AD patients received supplemental oxygen (ϮO 2 ) via nasal cannula before death, and some C patients were mechanically ventilated before death. Thus there were four groups: ADϩO 2 , AD-O 2 , CϩO 2 , C-O 2 (Table 1A -D, respectively). Detailed clinical information about the perimortem period was available in all cases. In three AD cases (Cases 887, 843, and 862), oral body temperature was monitored during the agonal period and ranged from 101.0°F to 102.5°F; the temperature was monitored only in cases when it did not interfere with patient comfort. In all cases, a complete postmortem examination was performed. Infectious or inflammatory processes such as acute bronchopneumonia and acute cystitis were confirmed histologically. Cerebrospinal fluid (CSF) was obtained from the lateral ventricle and the pH was measured.
Human frontal cortex was obtained during autopsy from all patients and snap frozen in liquid nitrogen. Total RNA was isolated using RNeasy kits from Qiagen (Valencia, CA) The absorbance at 260/ 280 nm was determined spectrophotometrically for each sample, and approximately 1 g was loaded onto an agarose gel containing formaldehyde and resolved by electrophoresis. The gel was stained with ethidium bromide and the 18S and 28S bands were visualized using UV light. In parallel with the description above of Table 1 , the gels of groups 1A-D, respectively) . The total RNA was further processed for real time reverse transcriptase (RT-PCR) analysis by treating the samples with Rnase-free DNase (Ambion), quantitating the DNA-free RNA using Ribogreen (Molecular Probes), and adjusting the volumes of each sample to 5 ng of total RNA/l. 18S rRNA and edg-1 was quantitated using TaqMan technology. The probe and primer set used for 18S rRNA quantitation was obtained from Applied Biosystems (Foster City, CA). The probe and primer set used for edg-1 quantitation was as follows: forward (5'TCTGCGGGAAGGGAGTATGT-3'), reverse (5'CG-ATGGCGAGGAGACTGAA-3'), and probe (5'FAM-TGTGGCCCTGTCAGCCTCCGT-TAMRA-3'). This set was designed using Primer Express software (Applied Biosystems, Foster City, CA). One-step RT-PCR was performed using buffer A, 5 mM MgCl 2 , 1 M dNTPs, and 300 nM of each primer and 150 nM probe. 50 ng of total RNA template was added and RT-PCR was performed at the following conditions: 48°C for 30 minutes followed by 95°C for 10 minutes, and 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. Real-time data of 18S rRNA expression and edg-1 mRNA expression were collected using the ABI7700 (Applied Biosystems, Foster City, CA). Amplification plots collected by the ABI7700 during the PCR portion of the assay are shown and again include the four groups ADϩO 2 , AD-O 2 , CϩO 2 , and C-O 2 ( Fig. 2A-D, respectively) . Negative controls for RT-PCR were done without reverse transcriptase or template. The y-axis shows the change in fluorescence, whereas the x-axis shows the number of PCR cycles. The point at which the change in fluorescence crosses the threshold (Ct) is used for comparison of the relative abundance of edg-1 mRNA in each sample. The threshold is set at 10 times the standard deviation of the mean of the baseline fluorescence collected during Cycles 3-15.
RESULTS
All samples from the four groups (ADϩO 2 , ADϪO 2 , CϩO 2 , and CϪO 2 ) appeared to yield intact RNA as judged by gel electrophoresis (Fig. 1A-D,  respectively) . Although some lanes were overloaded and showed smearing (Cases 542, 901, 911, and 928) and other lanes were underloaded (Cases 406 and 845), no samples showed significant RNA degradation. The quantitation of total RNA ranged from 190 g/g to 1798 g/g. There was no clear correlation of the quantity of total RNA recovered with the interval from death to tissue retrieval. Antemortem factors such as provision of oxygen, fever, or sepsis also seemed to have no direct effect on the amount of total RNA recovered. The pH of postmortem CSF ranged from 5.9 -8.0 and did not correlate with total RNA recovery.
The lowest quantity of total RNA (190 g/g) was retrieved from the brain most rapidly procured (1 hour and 10 minutes), and the highest quantity of total RNA (1798 g/g) was obtained from a brain with a postmortem interval of 10 hours and 38 minutes. This difference could be due to several factors unrelated to antemortem factors or postmortem delay. We have found that for quantitating RNA, Ribogreen, an RNA-specific dye, is much more accurate then quantitation using the absorbance of the sample at 260 nm. This may be due to variable copurification of other biological molecules that also absorb at 260 nm. Additionally, this may be a function of the extraction process rather than a true representation of the quality of the tissue. Purification of RNA from brain tissue was quite variable. When using the Qiagen filters for RNA isolation, we ensured that none of the lipid layer on top of the supernatant was added to the columns. This greatly affected RNA binding and recovery from the filters. Extra care must be taken to prevent blocking these filters.
Quantitation of 18S rRNA in each sample was determined using real time RT-PCR and normalized to the amount of 18S rRNA (data not shown). To determine whether these samples could be used for gene expression studies, real time RT-PCR was performed for the edg-1 gene. Within each set of samples, significant patient variability was observed. For example, in the C-O 2 group, Sample 926 showed the highest expression of edg-1, whereas Sample 794 showed the lowest. Assuming that the PCR efficiency is 100%, then Sample 926 expressed 8-fold more edg-1 then Sample 794 and 2-fold more than Sample 795. Similar differences were observed within the other sample groups. However, there were no significant differences across these samples groups, suggesting that edg-1 expression was not related to disease, nor was recovery affected by antemortem factors or postmortem delay.
DISCUSSION
Before the introduction of modern molecular pathology techniques, mRNA was extracted from postmortem human brain tissue and the level of gene expression was analyzed by Northern analysis (2) . This technique generally required large quantities of total RNA (as much as 10 -20 g of total RNA per analyses) and was time consuming. The development of real-time RT-PCR allows for the quantitation of gene expression in as little as 25 ng of total RNA, and as many as 96 individual samples can be analyzed in less than two hours. With the rapid progress being made in the development of technologies that allow for expression analysis of genes and proteins, there is currently a tremendous demand for high-quality postmortem human tissue.
Endothelial differentiation gene (EDG) receptors are a family of related G-protein-coupled receptors (GPCRs; 19). GPCRs are integral membrane proteins that participate in chemical neurotransmission (16, 20 -22) . edg-1 is an immediate-early gene that encodes a GPCR homolog implicated in endothelial cell differentiation (16) . Relatively high levels of edg-1 mRNA gene have been detected in neuronal cells and capillaries of adult rodent brain (12, 15, 16) , but its expression has not apparently been described in postmortem adult human brain tissue.
We wanted to determine which factors, if any, were crucial for the recovery of intact RNA from postmortem human brain tissue that could be used for gene expression studies. Prolonged delay to tissue procurement has been presumed to be an important factor in the ability to recover intact mRNA from human autopsy brain tissue. Additionally, AD patients terminally are bedridden with concomitant problems including fever, sepsis, hypoxia, and dehydration with hypotension that may adversely effect biomolecule integrity. In the AD group, intact RNA was recovered in all cases, and expression of edg-1 was detected by real-time RT-PCR in all cases. Similarly, in nondemented control patients, who died of illnesses such as disseminated malignancy, massive gastrointestinal hemorrhage, severe cardiopulmonary disease, and acute myocardial infarction, intact RNA was recovered and edg-1 expression was detected in all cases.
We have shown by real-time RT-PCR the ability to detect edg-1 mRNA expression in this small sample of postmortem adult human brain tissue. We conclude that mRNA expression can be preserved in patients with prolonged postmortem delays and with diverse clinical variables. We advise, however, that as individual laboratories probe for different genes and their role in myriad pathological processes are investigated, enhanced procurement efforts may become necessary to obtain mRNA with optimal integrity. Variables that may influence mRNA expression in certain genes include cessation of mRNA production at death, variability in the expression of different genes among individuals (11) , or technical problems with biomolecule extraction as mentioned in the Results section. A larger patient population may be necessary to further determine the influence of agonal events and procurement delay on biomolecule retrieval.
